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(54) IMAGE PROCESSING SYSTEM, INFORMATION STORAGE MEDIUM, AND IMAGE
PROCESSING METHOD

(57) To provide an image processing system, infor-
mation storage medium, and image processing method
capable of converting image data in order to reproduce
a target color, with a smaller storage capacity, the
present invention provides a conversion data genera-
tion section (130) which generates color-conversion da-
ta for each of R, G, and B image signal values; a con-

version data storage section (123) which stores that
color-conversion data; a conversion section (125) which
derives desired color-conversion data for each of the R,
G, and B image signal values corresponding to input sig-
nal values; and an integration section (127) which inte-
grates the derived plurality of color-conversion data to
obtain R3, G3, and B3 image signal values.
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Description

Technical Field

[0001] The present invention relates to an image
processing system, information storage medium, and
image processing method capable of performing con-
versions of image data for the reproduction of a target
color.

Background of Art

[0002] In general, when color conversion is performed
on image data in order to reproduce a target color (such
as a color that conforms to a standard such as sRGB),
the color is converted by a combination of a three-di-
mensional look-up table (hereinafter referred to as
"3D-LUT") and interpolation calculations.
[0003] Methods could be considered that represent
combinations of all image signals (such as an R signal,
a G signal, and a B signal, by way of example) as a
3D-LUT, but this would require something on the order
of 50 megabytes for a three-color, eight-bit system, mak-
ing it necessary to provide a huge storage capacity.
[0004] In addition, interpolation calculations using
eight points are required for interpolation, so that such
a method would require a large amount of computational
time.
[0005] To shorten this computational time, a method
is proposed whereby a cube comprising a subject point
in a 3D-LUT space is divided and a triangular pyramid
including a subject point is used, in other words, inter-
polation calculations are performed by using four points.
[0006] However, the derivation of these four points
and the interpolation calculations themselves are com-
plicated and take a lot of computational time.
[0007] It is therefore important to shorten the time re-
quired for color conversion, particularly when overwrit-
ing an image in real time at a rate of 60 times a second,
as with a moving image.

Disclosure of Invention

[0008] The present invention was devised in the light
of the above-described technical problems, with the ob-
jective of providing an image processing system, an in-
formation storage medium, and an image processing
method that make it possible to perform color conver-
sions with a smaller storage capacity and also a shorter
computational time, when converting image data in or-
der to reproduce a target color.
(1) In order to solve the above-described technical prob-
lems, an image processing system in accordance with
the present invention relates to an image processing
system which converts image data that is expressed by
a plurality of types of image signal values, in order to
reproduce a target color, the image processing system
comprising:

color conversion means for converting the image
data, based on predetermined color-conversion da-
ta,

wherein the color-conversion data includes sig-
nal-correspondence data for creating a correspondence
between the image signal values after color conversion
and the plurality of types of the image signal values be-
fore color conversion, for each of the types of the image
signal values, and

wherein the color conversion means includes:

means for performing color conversion on the im-
age signal values, based on the image signal values
that are input and the signal-correspondence data,
for each of the types of the image signal values; and
means for integrating the image signal values that
have been subjected to color conversion, for each
of the types of the image signal values.

(2) An image processing system in accordance with the
present invention also relates an image processing sys-
tem which converts image data that is expressed by a
plurality of types of image signal values, in order to re-
produce a target color, the image processing system
comprising:

a color conversion section which converts the im-
age data, based on predetermined color-conver-
sion data,

wherein the color-conversion data includes sig-
nal-correspondence data for creating a correspondence
between the image signal values after color conversion
and the plurality of types of the image signal values be-
fore color conversion, for each of the types of the image
signal values, and

wherein the color conversion section includes:

a conversion section which performs color conver-
sion on the image signal values, based on the im-
age signal values that are input and the signal-cor-
respondence data, for each of the types of the im-
age signal values; and
an integration section which integrates the image
signal values that have been subjected to color con-
version, for each of the types of the image signal
values.

(3) An information storage medium in accordance with
the present invention relates to an computer-readable
information storage medium which stores a program for
converting image data that is expressed by a plurality of
types of image signal values, in order to reproduce a
target color,

wherein the information storage medium stores a
program for causing a computer to function as color con-
version means for converting the image data, based on
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predetermined color-conversion data,
wherein the color-conversion data includes sig-

nal-correspondence data for creating a correspondence
between the image signal values af ter color conversion
and the plurality of types of the image signal values be-
fore color conversion, for each of the types of the image
signal values, and

wherein the color conversion means includes:

means for performing color conversion on the im-
age signal values, based on the image signal values
that are input and the signal-correspondence data,
for each of the types of the image signal values; and
means for integrating the image signal values that
have been subjected to color conversion, for each
of the types of the image signal values.

(4) An image processing method in accordance with the
present invention relates to an image processing meth-
od for converting image data that is expressed by a plu-
rality of types of image signal values, based on prede-
termined color-conversion data, in order to reproduce a
target color,

wherein the color-conversion data includes sig-
nal-correspondence data for creating a correspondence
between the image signal values after color conversion
and the plurality of types of the image signal values be-
fore color conversion, for each of the types of the image
signal values,

wherein color conversion is performed on the im-
age signal values, based on the image signal values that
are input and the signal-correspondence data, for each
of the types of the image signal values, and

wherein the image signal values that have been
subjected to color conversion are integrated for each of
the types of the image signal value.
[0009] The present invention makes it possible to ob-
tain desired image signal values by obtaining image sig-
nal values expressed by the plurality of types of image
signal values, for each of the types of the image signal
values, then integrating the thus-obtained image signal
values for each of the types of the image signal value.
[0010] This makes it possible to reduce the storage
capacity required for color-conversion data and shorten
the computational time taken by color conversion.
[0011] In other words, space on the order of 50 meg-
abytes is necessary for a 3D-LUT for three colors pre-
sented by 8 bits, as described above. On the other hand,
the present invention makes it possible to reduce this to
only 24-bit 3 256 3 3 colors = 2304 bytes.
[0012] Since the only algorithms used in the calcula-
tions during color conversion is integration, in other
words, simply retrieving and summing signal-corre-
spondence data, it is possible to reduce the computa-
tional time in comparison with the conventional method
using means such as linear interpolation.
(5) This image processing system may further comprise
color-conversion data generation means for generating

the color-conversion data corresponding to the target
color in a predetermined state.
(6) This information storage medium may store a pro-
gram for causing a computer to function as color-con-
version data generation means for generating the color-
conversion data corresponding to the target color in a
predetermined state.
(7) With this image processing method, the color-con-
version data corresponding to the target color may be
generated in a predetermined state.
[0013] This makes it possible to generate color-con-
version data in a flexible manner, thus enabling color
conversions corresponding to various different target
colors.
(8) In this image processing system, information storage
medium and image processing method, the signal-cor-
respondence data may be expressed as ratios of the
plurality of types of the image signal values.
[0014] This makes it possible to reduce the storage
capacity that is necessary, by expressing the data as
ratios. In other words, since the colors to be reproduced
are the same, the ratios between the image signal val-
ues are the same in any grayscales. For example, if
there are three colors (three types of signal value), nine
data items would suffice.
(9) In this image processing system, information storage
medium, and image processing method, the image data
may be moving image data.
[0015] This makes it possible to perform color conver-
sion in real time, thus enabling convenient color conver-
sions of moving image data.
(10) In this image processing system and information
storage medium, the color-conversion data generation
means may generate the color-conversion data based
on environmental information which represents a view-
ing environment.
(11) In this image processing method, the signal-corre-
spondence data may be expressed as ratios of the plu-
rality of types of the image signal values.
[0016] This would enable color conversions suited to
the viewing environment, even when the target color has
been altered by the viewing environment.
(12) In this image processing system and information
storage medium, the color-conversion data generation
means may generate the color-conversion data during
image calibration.
(13) With this image processing method, the color-con-
version data may be generated during image calibra-
tion.
[0017] This makes it possible to generate accurate
color-conversion data in correspondences to a calibra-
tion instruction, by generating the color-conversion data
during image calibration.
(14) This image processing system may be formed as
a projector which projects an image based on the con-
verted image data.
(15) With this image processing method, an image may
be projected based on the converted image data.
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[0018] This makes it possible to reproduce accurate
colors matched to the viewing environment when using
a projector or the like to project an image on a screen
or the like, taking into account the effects of factors such
as the type of that screen.

Brief Description of Drawings

[0019]

Fig. 1 is illustrative of an image processing system
in accordance with an example of this embodiment.
Fig. 2 shows an example of the functional blocks of
a projector image processing section within a con-
ventional projector.
Fig. 3 is a functional block diagram of the projector
image processing section within a projector in ac-
cordance with an example of this embodiment.
Fig. 4 is a schematic diagram of conversion data in
accordance with an example of this embodiment.
Fig. 5 is a flowchart of pre-processing in accordance
with an example of this embodiment.
Fig. 6 is a flowchart of processing in accordance
with an example of this embodiment.
Fig. 7 is a schematic diagram of conversion data in
accordance with another example of this embodi-
ment.

Best Mode for Carrying Out the Invention

[0020] The description below relates to a case in
which the present invention is applied to an image
processing system which uses a liquid-crystal projector
to project a moving image, by way of example, with ref-
erence to the accompanying figures. It should be noted
that the embodiments described below do not in any
way limit the scope of the present invention as laid out
in the claims herein. In addition, the entirety of the con-
figuration described with reference to these embodi-
ments is not limited to being essential structural compo-
nents of the present invention.

Description of Overall System

[0021] A schematic illustrative view shown in Fig. 1 is
of an image display system in accordance with an ex-
ample of this embodiment of the present invention.
[0022] A projector 20, which is a projection type of dis-
play device provided substantially facing a screen 10,
projects a moving image and a still image for a prede-
termined presentation. A presenter 30 gives a presen-
tation to an audience, while using a light spot 70 project-
ed from a laser pointer 50 to point at a desired position
of an image in an image display region 12, which is a
display area on the screen 10.
[0023] During such a presentation, the image appear-
ance on the image display region 12 will vary greatly,
depending on ambient light 80. Even when the projector

20 displays the same white, for example, it could seem
to be white with a yellow cast or white with a blue cast,
depending on the type of the screen 10. Even when the
same white is displayed by the projector 20, it could
seem to be a bright white or a dull white if the ambient
light 80 differs.
[0024] Recently, the projector 20 has become smaller
and easy to transport. For that reason, it has become
possible for the presenter 30 to give presentations at a
client's location, by way of example, but it is difficult to
adjust colors to match the environment at the client's
location and the manual adjustment of colors at the cli-
ent's location takes too much time.
[0025] With a conventional projector, only color con-
version is performed, based on an input-output profile
that indicates the input-output characteristics that are
specific to that projector, and there is no consideration
of the viewing environment in which the image will be
projected. Note that "profile" in this case refers to char-
acteristic data.
[0026] However, it is difficult to ensure that the color
appearance is uniform in this manner, without taking the
viewing environment into account as described above.
The color appearance is detected by three factors: light,
the reflection or transmission of light by objects, and vi-
sion.
[0027] This embodiment of the invention implements
an image processing system that is capable or repro-
ducing suitable image colors by ensuring that the pro-
jector 20 which possesses this image processing sys-
tem detects the viewing environment, taking into ac-
count the light and the reflection or transmission of that
light by objects.
[0028] When displaying such an image, however, the
image colors are converted to enable reproduction of
the target colors that is suitable for the viewing environ-
ment in which the image processing system is used, as
target colors that conform to a standard such as sRGB.
[0029] However, with the conventional method, this
image color conversion necessitates a huge amount of
storage capacity for the 3D-LUT and the interpolation
calculations require large amounts of computational
time.
[0030] An example of the functional blocks of a pro-
jector image processing section 100 within a conven-
tional projector is shown in Fig. 2.
[0031] The projector inputs an R1 signal, a G1 signal,
and a B1 signal (which form RGB signals in analog for-
mat, sent from a PC or the like) to an A/D conversion
section 110, and uses the projector image processing
section 100 controlled by a CPU 200 to perform color
conversion and gamma processing on an R2 signal, a
G2 signal, and a B2 signal of digital form.
[0032] The projector then inputs image signal values,
which are obtained by subjecting an R3 signal value, a
G3 signal value, and a B3 signal value to gamma
processing to obtain an R4 signal value, a G4 signal val-
ue, and a B4 signal value, to a D/A conversion section
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180; inputs an R5 signal, a G5 signal, and a B5 signal
that have been converted into analog form to a light
valve (L/V) drive section 190; and projects an image by
driving liquid crystal light valves.
[0033] The projector image processing section 100 in-
cludes a projector color conversion section 120, a gam-
ma processing section 170, a color gamut calculation
section 160, and a calibration signal generation section
150.
[0034] The calibration signal generation section 150
generates calibration image signals. These calibration
image signals are input to the projector color conversion
section 120 as an R2 signal, G2 signal, and B2 signal
in digital form, in a similar manner to the signals output
from the A/D conversion section 110.
[0035] Since the calibration image signals are gener-
ated within the projector 20 in this manner, calibration
can be done by the projector 20 itself, without having to
input calibration image signals to the projector 20 from
an external input device such as a PC.
[0036] The projector color conversion section 120 ref-
erences a projector profile that is managed by a projec-
tor profile storage section 164 to convert the RGB sig-
nals (R2 signal, G2 signal, and B2 signal) from the cal-
ibration signal generation section 150 into digital RGB
signals (R3 signal, G3 signal, and B3 signal) suitable for
projector output.
[0037] The projector color conversion section 120 in-
cludes a 3D-LUT generation section 122 that generates
a 3D-LUT for converting each of the digital signal values
(R2, G2, and B2) and a 3D-LUT storage section 124 that
stores the thus-generated 3D-LUT.
[0038] More specifically, the 3D-LUT generation sec-
tion 122 generates a 3D-LUT that enables the reproduc-
tion of the color gamut calculated by the color gamut
calculation section 160.
[0039] The description now turns to the color gamut
calculation section 160.
[0040] The color gamut calculation section 160 in-
cludes a target profile storage section 162 and a projec-
tor profile storage section 164. More specifically, the
color gamut calculation section 160 calculates a color
gamut in such a manner as to obtain the preferred colors
selected by the user and also appearance of image
colors that conforms to the viewing environment, based
on a target profile, environmental information from a
color-light sensor 60, and a projector profile.
[0041] Note that the "target profile" in this case is a
type of input-output characteristic data for the colors that
will be the target. The "projector profile" is a type of input-
output characteristic data corresponding to the type of
projector.
[0042] The gamma processing section 170 performs
gamma processing on the image signals (R3 signal, G3
signal, and B3 signal) that have been subjected to color
conversion by the projector color conversion section
120.
[0043] In a conventional art, an increased capacity is

required for the 3D-LUT stored in the 3D-LUT storage
section 124, in order to perform color conversion using
this 3D-LUT. It is also necessary to generate the 3D-LUT
anew every time the viewing environment changes, in-
terpolation is necessary, and the color conversion takes
time.
[0044] In particular, the color conversion during the
display of a moving image as in this embodiment takes
so much time, it becomes impossible to display the mov-
ing image in real time.
[0045] With this embodiment of the invention, signal-
correspondence data is used as color-conversion data
instead of a 3D-LUT, to indicate correspondences be-
tween each image signal value after color conversion
and a plurality of types of image signal values before
color conversion, for each of the types of image signal
value. This signal-correspondence data is used in the
color conversion, then the image signal values obtained
by the color conversion are integrated for each of the
types of image signal value.
[0046] This reduces the storage capacity necessary
for the color-conversion data, enabling a reduction in the
computational time required for the color conversion.
[0047] The description now turns to the functional
blocks of the projector image processing section that
function as the image processing system within the pro-
jector 20 in accordance with an example of this embod-
iment.
[0048] A functional block diagram of the projector im-
age processing section 100 within the projector 20 in
accordance with an example of this embodiment is
shown in Fig. 3.
[0049] The projector image processing section 100 of
Fig. 3 differs from the projector image processing sec-
tion 100 of Fig. 2 in including a conversion data gener-
ation section 130 that generates conversion data for
converting colors based on a color gamut obtained by
the color gamut calculation section 160; a conversion
data storage section 123 that stores the thus-generated
conversion data; a conversion section 125 that performs
color conversions of the image signal values for each
input signal value, based on input image signal values
and signal-correspondence data; and an integration
section 127 that integrates the thus-converted image
signal values for each type of image signal value.
[0050] Note that the conversion data storage section
123, the conversion section 125, and the integration
section 127 are included within a projector color conver-
sion section 121.
[0051] A schematic diagram of conversion data in ac-
cordance with an example of this embodiment is shown
in Fig. 4.
[0052] Since RGB signal values are used in this em-
bodiment, signal-correspondence data is provided for
each of the R signal value, the G signal value, and the
B signal value. Note that the signal-correspondence da-
ta in this case represents the R, G, and B signal values
before the color conversion.
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[0053] Specifically, if the R, G, and B signal values are
255, 255, and 255 (in other words, for white), by way of
example, the R signal value after the color conversion
is represented by (R, G, B) = (250, 0, 8), the G signal
value after the color conversion is represented by (R, G,
B) = (5, 189, 15), and the B signal value after the color
conversion is represented by (R, G, B) = (0, 12, 196).
[0054] Note that the necessity of expressing some-
thing that was originally expressed as a single image
signal value as three image signal values is because the
color gamut for reproducing the target color in the view-
ing environment differs from a standard color gamut and
thus there is a displacement in the color gamut. For ex-
ample, the RGB signal value of red in a standard envi-
ronment is (R, G, B) = (255, 0, 0) but if the viewing en-
vironment changes it may become impossible to ex-
press it by the R signal value alone, even though it is
red, so it would become necessary to use all of the R,
G, and B signal values.
[0055] The integration section 127 calculates the sum
of the R, G, and B image signal values converted by the
conversion section 125. To reproduce the above-de-
scribed white, the RGB signal values are expressed as
(R, G, B) = (255, 201, 219).
[0056] Note that the specific numerical values given
in Fig. 4 are simply examples and will differ according
to the device, such as the projector 20, and the viewing
environment.
[0057] The description now turns to the flow of
processing, using the components shown in Fig. 3. With
this embodiment of the invention, tasks such as calibra-
tion, determination of the viewing environment, and the
generation of conversion data are done during pre-
processing which is executed before the presentation,
and color conversion is done during this processing at
the time of the presentation.
[0058] A flowchart of pre-processing in accordance
with an example of this embodiment is shown in Fig. 5.
[0059] First of all, the color gamut calculation section
160 selects a target profile in accordance with the user's
specification and the type of image (step S2).
[0060] After the target profile has been selected, the
projector 20 generates calibration signal values (R2,
G2, and B2) from the calibration signal generation sec-
tion 150.
[0061] The calibration signal generation section 150
outputs those calibration signal values to the projector
color conversion section 121.
[0062] The projector color conversion section 121 us-
es default conversion data (initial values) to convert a
calibration, signal and outputs it as RGB values (R3, G3,
and B3).
[0063] The gamma processing section 170 subjects
these RGB values (R3, G3, and B3) to gamma process-
ing, and outputs them as RGB signal values (R4, G4,
and B4).
[0064] The D/A conversion section 180 converts
those RGB signal values (R4, G4, and B4) in digital form

into RGB signals (R5, G5, and B5) in analog form. The
L/V drive section 190 drives liquid crystal light valves
based on these analog RGB signals (R5, G5, and B5).
The projector 20 projects a calibration image onto the
image display region 12 (step S4).
[0065] In the state in which the calibration image is
displayed on the image display region 12, the color-light
sensor 60 detects tristimulus values as one of environ-
ment information presenting the viewing environment
(step S6). Note that the detected tristimulus values
could be either absolute values or relative values.
[0066] In this manner, the viewing environment can
be detected more appropriately, by using the calibration
image in the determination of the viewing environment.
It is therefore possible to reproduce the appearance of
the image, in a more suitable manner.
[0067] The conversion data generation section 130
generates conversion data based on the tristimulus val-
ues from the color-light sensor 60 and the selected tar-
get profile and projector profile (step S8), then stores
that conversion data in the conversion data storage sec-
tion 123 (step S10).
[0068] In this manner, the viewing environment is de-
tected, conversion data corresponding to the thus-de-
tected viewing environment is generated, and that data
is stored in the conversion data storage section 123 dur-
ing the pre-processing stage.
[0069] This makes it possible to generate accurate
conversion data corresponding to the calibration in-
struction by generating conversion data during image
calibration.
[0070] It also makes it possible to correspond with the
environment and a target color flexibly during the pres-
entation, by generating conversion data during calibra-
tion.
[0071] This processing is described below.
[0072] A flowchart of the processing in accordance
with an example of this embodiment is shown in Fig. 6.
[0073] The A/D conversion section 110 converts the
analog RGB signals (R1, G1 and B1) that form a moving
image into R, G, and B image signal values (R2, G2,
and B2).
[0074] The projector color conversion section 121 in-
puts R, G, and B image signal values (R2, G2, and B2)
that form digital image data (step S12).
[0075] The conversion section 125 derives corre-
sponding R, G, and B image signal values from conver-
sion data stored in the conversion data storage section
125, based on the thus-input R, G, and B image signal
values (R2, G2, and B2) (step S14). If the conversion
section 125 is to reproduce the above-described white,
by way of example, the R signal value is derived as (R,
G, B) = (250, 0, 8), the G signal value is derived as (R,
G, B) = (5, 189, 15), and the B signal value is derived
as (R, G, B) = (0, 12, 196). The conversion section 125
outputs the thus-derived R, G, and B signal values to
the integration section 127.
[0076] This enables color conversion for each of the
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types of image signal value.
[0077] The integration section 127 integrates the R,
G, and B image signal values that have been converted
(derived) by the conversion section 125. For white, for
example, the R, G, and B image signal values after the
integration are (R, G, B) = (255, 201, 219). In other
words, the R3 signal value is 255, the G3 signal value
is 201, and the B3 signal value is 219.
[0078] The projector 20 subjects the color-converted
R, G, and B image signal values (R3, G3, and B3) to
gamma processing by the gamma processing section
170 then outputs them as R, G, and B image signal val-
ues (R4, G4, and B4) (step S18).
[0079] The digital RGB signal values (R4, G4, and B4)
after gamma processing are converted into analog sig-
nals by the D/A conversion section 180, and the thus-
converted analog RGB signals (R5, G5, and B5) are
used for the display of the actual presentation image
(step S20).
[0080] Note that if a moving image is to be displayed,
the processing of steps S12 to S18 is done for each pixel
within one image in practice, and since one image (one
frame) is switched every 1/60 of a second, the process-
ing of each image is done every 1/60 of a second.
[0081] In this manner, this embodiment makes it pos-
sible to reduce the storage area occupied by the color-
conversion data by making the projector color conver-
sion section 121 as the color-conversion data, by using
conversion data related to each of the signals shown in
Fig. 4 instead of using 3D-LUT, when performing the
color conversion.
[0082] It is therefore unnecessary to perform compli-
cated processing such as linear interpolation during
color conversion, so that the proj ector color conversion
section 121 can perform the color conversion rapidly by
simply deriving and summing data.
[0083] This makes it possible to perform real-time
processing, even when the projector image processing
section 100 is processing moving-image data, thus en-
abling the display of a moving image that conforms to
the target color.
[0084] With this embodiment, the projector 20 can
project an image from consideration of the viewing en-
vironment, by using the color-light sensor 60 to detect
the viewing environment.
[0085] This makes it possible for the projector 20 to
display an image that is suited to the viewing environ-
ment in which the image is displayed, so that it can as-
similate differences between display environments and
thus display the same image regardless of the environ-
ment to which it is applied. The projector 20 is therefore
able to reproduce substantially the same colors in a plu-
rality of different locations, within a short time.

Description of Hardware

[0086] Note that the hardware described below by
way of example can be used to implement the above-

described components.
[0087] For example, the A/D conversion section 110
could be implemented by an A/D converter or the like;
the D/A conversion section 180 by a D/A converter or
the like: the L/V drive section 190 by a liquid crystal light
valve driver or the like; the conversion data generation
section by a CPU or the like; such as a CPU and RAM;
the gamma processing section 170 by an image
processing circuit and an ASIC or the like; and the pro-
jector color conversion section 121 and the color gamut
calculation section 160 by a CPU and RAM or the like.
Note that these components could be implemented in a
hardware fashion by circuits, or they could be imple-
mented in a software fashion by drivers.
[0088] In addition, the functions of the components
shown in Fig. 3 could be implemented by reading out a
program from an information storage medium 300. The
information storage medium 300 could be a CD-ROM,
DVD-ROM, ROM, RAM, or HDD, by way of example,
and the method of reading the program therefrom could
be a direct method or an indirect method.
[0089] Instead of the information storage medium
300, it is possible to implement the above described
functions by downloading a program to implement those
functions, over a transfer path from a host device or the
like.
[0090] The hardware described below could be em-
ployed for the color-light sensor 60.
[0091] For example, hardware that implements the
color-light, sensor 60 could have a color filter and pho-
todiode that selectively pass each of the tristimulus val-
ues, an A/D converter that converts an analog signal
from the photodiode into a digital signal, and an OP amp
that amplifies that digital signal.
[0092] Note that present invention has been de-
scribed above by way of a preferred embodiment there-
of, but the application of the present invention is not lim-
ited to the above embodiment.

Modifications

[0093] The conversion data of Fig. 4 could be numer-
ical values that are used without modification, by way of
example, but it is also possible to use conversion data
that is expressed as ratios of image signal values.
[0094] A schematic diagram of conversion data in ac-
cordance with another example of this embodiment is
shown in Fig. 7.
[0095] The conversion data of Fig. 4 could be ex-
pressed as ratios between the image signal values as
shown in Fig. 7 by way of example. If all of the R, G, and
B signal values are zero, all of the converted image sig-
nal values will also be zero, so that it will only be nec-
essary to store nine data items in the conversion data
storage section 123 in practice.
[0096] In other words, if each of the R, G, and B signal
values is between 1 and 255, the R signal value after
the color conversion is expressed by (R:G:B) = (0.98:
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0.00:0.03), the G signal value after the color conversion
is expressed by (R:G:B) = (0.02 : 0.74 : 0.06), and the
B signal value after the color conversion is expressed
by (R:G:B) = (0.00:0.05:0.77).
[0097] It is therefore sufficient to store only numerical
values that represent these nine ratios in the conversion
data storage section 123.
[0098] The method of using ratios as shown in Fig. 7
results in a slight increase in the computation load for
calculating the ratios, in comparison with the method
shown in Fig. 4 of using numerical values, in which it is
necessary to store 9 3 256 = 2304 data items, but it
enables a reduction in the amount of data in comparison
with the case shown in Fig. 4.
[0099] The projector 20 was used in the above-de-
scribed embodiments, but the present invention is not
limited thereto and thus it can be applied to various other
types of display means. Instead of a liquid-crystal pro-
jector, a display device such as a projector using a digital
micromirror device (DMD), a cathode ray tube (CRT), a
plasma display panel (PDP), a field emission display
(FED) device, an electro-luminescence (EL) device, or
a direct-vision type of liquid crystal display device could
be used as such a display means. Note that DMD is a
trademark registered to Texas Instruments Inc. of the
USA. In addition, the projector is not limited to a front-
projection type; it could equally well be a rear-projection
type of projector.
[0100] It should be obvious that the present invention
would also be effective when displaying images in ap-
plications that are not presentations, such as in meet-
ings, for medical treatment, in the design or fashion
world, in business activities, commercials, and in edu-
cation, as well as for general-purpose image displays
such as movies, TV, video, and games. It should also
be obvious that the present invention is effective not only
for moving image data, but also for the processing of
still image data.
[0101] In addition, the present invention is also effec-
tive in circumstances other than the display of an image
as a target color in sRGB space, such as displaying an
image on a monitor or printing it on a printer, as a target
color for an image color obtained by a scanner or an
image color generated by a PC. In these cases too, the
amount of data necessary for the color conversion can
be reduced.
[0102] In the above described examples, RGB signal
values were used but the present invention can equally
well be applied to the use or CMY values or CMYK val-
ues.
[0103] The viewing environment determination
means could be imaging means such as a CCD camera
or a CMOS camera, instead of the color-light sensor 60.
[0104] Note that the above-described screen 10 could
be of a reflective type or a transmissive type.
[0105] Note also that the functions of the above-de-
scribed projector image processing section 100 of the
projector 20 could be implemented by a simple image

display device (such as the projector 20 itself) or by dis-
tribution between a plurality of processing devices (such
as distributed processing between the projector 20 and
a PC).

Claims

1. An image processing system which converts image
data that is expressed by a plurality of types of im-
age signal values, in order to reproduce a target
color, the image processing system comprising:

color conversion means for converting the im-
age data, based on predetermined color-con-
version data,

wherein the color-conversion data includes
signal-correspondence data for creating a corre-
spondence between the image signal values after
color conversion and the plurality of types of the im-
age signal values before color conversion, for each
of the types of the image signal values, and

wherein the color conversion means includes:

means for performing color conversion on the
image signal values, based on the image signal
values that are input and the signal-corre-
spondence data, for each of the types of the
image signal values; and
means for integrating the image signal values
that have been subjected to color conversion,
for each of the types of the image signal values.

2. The image processing system as defined by claim
1, further comprising:

color-conversion data generation means for
generating the color-conversion data corre-
sponding to the target color in a predetermined
state.

3. The image processing system as defined by claim
1,

wherein the signal-correspondence data is
expressed as ratios of the plurality of types of the
image signal values.

4. The image processing system as defined by claim
1,

wherein the image data is moving image data.

5. The image processing system as defined by claim
2,

wherein the color-conversion data generation
means generates the color-conversion data based
on environmental information which represents a
viewing environment.
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6. The image processing system as defined by claim
5,

wherein the color-conversion data generation
means generates the color-conversion data during
image calibration.

7. The image processing system as defined by claim
6, being formed as a projector which projects an im-
age based on the converted image data.

8. An image processing system which converts image
data that is expressed by a plurality of types of im-
age signal values, in order to reproduce a target
color, the image processing system comprising:

a color conversion section which converts the
image data, based on predetermined color-
conversion data,

wherein the color-conversion data includes
signal-correspondence data for creating a corre-
spondence between the image signal values after
color conversion and the plurality of types of the im-
age signal values before color conversion, for each
of the types of the image signal values, and

wherein the color conversion section in-
cludes:

a conversion section which performs color con-
version on the image signal values, based on
the image signal values that are input and the
signal-correspondence data, for each of the
types of the image signal values; and
an integration section which integrates the im-
age signal values that have been subjected to
color conversion, for each of the types of the
image signal values.

9. A computer-readable information storage medium
which stores a program for converting image data
that is expressed by a plurality of types of image
signal values, in order to reproduce a target color,

wherein the information storage medium
stores a program for causing a computer to function
as color conversion means for converting the image
data, based on predetermined color-conversion da-
ta,

wherein the color-conversion data includes
signal-correspondence data for creating a corre-
spondence between the image signal values after
color conversion and the plurality of types of the im-
age signal values before color conversion, for each
of the types of the image signal values, and

wherein the color conversion means includes:

means for performing color conversion on the
image signal values, based on the image signal
values that are input and the signal-corre-

spondence data, for each of the types of the
image signal values; and
means for integrating the image signal values
that have been subjected to color conversion,
for each of the types of the image signal values.

10. The information storage medium as defined by
claim 9, storing a program for causing a computer
to function as color-conversion data generation
means for generating the color-conversion data
corresponding to the target color in a predetermined
state.

11. The information storage medium as defined by
claim 9,

wherein the signal-correspondence data is
expressed as ratios of the plurality of types of the
image signal values.

12. The information storage medium as defined by
claim 9,

wherein the image data is moving image data.

13. The information storage medium as defined by
claim 10,

wherein the color-conversion data generation
means generates the color-conversion data based
on environmental information which represents a
viewing environment.

14. The information storage medium as defined by
claim 13,

wherein the color-conversion data generation
means generates the color-conversion data during
image calibration.

15. An image processing method for converting image
data that is expressed by a plurality of types of im-
age signal values, based on predetermined color-
conversion data, in order to reproduce a target
color,

wherein the color-conversion data includes
signal-correspondence data for creating a corre-
spondence between the image signal values after
color conversion and the plurality of types of the im-
age signal values before color conversion, for each
of the types of the image signal values,

wherein color conversion is performed on the
image signal values, based on the image signal val-
ues that are input and the signal-correspondence
data, for each of the types of the image signal val-
ues, and

wherein the image signal values that have
been subjected to color conversion are integrated
for each of the types of the image signal value.

16. The image processing method as defined by claim
15,
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wherein the color-conversion data corre-
sponding to the target color is generated in a pre-
determined state.

17. The image processing method as defined by claim
15,

wherein the signal-correspondence data is
expressed as ratios of the plurality of types of the
image signal values.

18. The image processing method as defined by claim
15,

wherein the image data is moving image data.

19. The image processing method as defined by claim
16,

wherein the color-conversion data is generat-
ed based on environmental information which rep-
resents a viewing environment.

20. The image processing method as defined by claim
19,

wherein the color-conversion data is generat-
ed during image calibration.

21. The image processing method as defined by claim
20,

wherein an image is projected based on the
converted image data.
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